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■{57) Abstract:: A tmcxoOmcijc mtcm m&- im^od^ $>aiiable, "Ijib-oa-a-chip'' ^ippHcations,. by which a bwbbie is ijrflated in fluid 
Oo^^-mg through a m^cmBiiidic eliarin^ ara predeteTrrnned:}ocaTO^ ^>tig tb<5 charme! ami the foisbblt? is rnasjriBined at 1:ha^ locaiiofj 
to stop Oiow thrc^ugh tbe^^c^^^ the aiartnei' of a vsLfve, The miox^il^^^^^ :fdme4 on a s^jmicQnciu^ior chjp and a 

pair of elqcirodes k formed m^ on ^stch side of liie chfinjiel, wherebj a babfel^s; is ^jiectrochotnicdijf ijiflst^d betw^sen the etetnxles 
atid held Ox^sd positian by the chanrsei wall when a yoltSLge js appliesi acr<JSf$ the Ouiii incident £o corinecting die electrodes to a 
vdltage somx^e. When the voltage is t^mowd; deOation of the Wbbls^ valve rapid!}? occtiris to festore fiaw. The pmseoi ibventibf j 
provides flow comrol in a rnicmOtijd^c systen^ rt3g3;tJ]ess of chantiel cross sectjoria] geomcJljy and with rio xdc^ psrl^ jsLrid low 
l>o^er cansumpi?on. MoJ^ovexv the pmseii t inventiDn mm be practiced xmxig exisiii^g febncation techniques. 
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EieqtroeheniScally Tkmm Mmolitinc Micm&m&ic Systems 

CROSS-REFERENCES TO RELATED APPLICATIONS 

Tills applidatioB claims the bm^t of US. W^mBioml Appliealion No. 
60/333814 iited Hcs^eii^ 28, 2001. 

S FIELD OF THE imENTION 

The pres0iit iovaition relates generally to the field of microfliiidic systemSsc 
and tiiote pajticuiaily to a method and apparatus for regui^tixig flMd flow tfiroiigb a 

DESOtII^I{3H^^ O^ mLmED AST 

10 !wp<5m-eiieteto>p[eci^ ^ysfprns <MBMS) ooistliiue to Sfpawn new 

tecltnoiQgi«?ptl ap^pliq^tions md seirye ^ catalysts fc^r fcay scimtific discoveiies. 
liitease el^its are curretitly underway ta de\re;idp inalti-^ miorofiuidac cMps^ 

a tec^mology ccKoim as ^l^-ott-a-eliip-*. Aj^plicatibiis iMto^^ 

otliers, combinatorial md analytical cfeemistxy^ drug discovery, microbiotogy, 

15 biotechnology^ md drug delivery. To regelate fluid flow Itenigh labynntkine 
mkrofimdic chaiineis mmg pumps and waives, various actaaticm mechanisms, based 
<m pieEoeiectriGjtjr^ electmstatics^ tfeermo-pBeiimatjc, m& dmtimmg^mi hmQ hmxi 
developed, along v^tfe ady^ces^^ for example, "sofi" iitiio^^liy. 

Bi?bble-based aotuators a^pe of mt^est because they are smiple to f^^ 

20 and flie bubbles; bave an ability to readily canform physically to diifereBt cimnei 
c^rasS"$^|:ion# sh^|^. Bofh tMepnai md elee^ocheniicaMy generated bubbles bave 
been used. By way of example, bubbles have been used to actuate a iBecbanicai gate 
vaiye elemojt; see P^avasilioui A. F.; I^sano, A, Pv; and Liepmaim, D.^ 
**Electmlysis-Biifeb!e Actuated Gate Valve^*, Pmc. of the 11^^ Ini 'i Conf On Solid 

25 State Sensors and Achmtom, Gernimy, 2061 , pages 940-943. As a fiiilber example, 
a bubble has bem oiovDd to and tmpped at a flow restrxetioB in a microcbamiM to 
itself serve as a valve for blockiiig fiow^ liowever siich tecteology mffers from 
pixjbieins assoeiated with removing the biibble from the chaoBel flow patii to allow 
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flow to resume; see Ki, Y. L,; KhaiooC M.; LiMel, H. T. G. van ; HaOei; M.; md 
RenaBd, '^Babbfe Engineering for Biomedical Valving Applieatioiis-'^ Annual 
International lEEB-EMBS Special T<^ic Conference on Mi€rotechm?iogies in 
Medicine and Biohgy, t^yon^ Ftmc&, Oc^er 11-14, 2000^ pages 390-393. WMte 
5 ^lectochendcal biibbies reqe&^ low power in the mierowatt rasge^ th&hubhl^ 
iMlatiojTi are Gomfsarafoiic to theamal bubbles^, tbeir us^^ by slow 

babble iis^a^/o?£ of gas into the fluia isidfeetiE 

StJMMAJtY OF THE MVEHTIOM 

A micmfliiidic system fomied in accordaaic^ with aii enilKKj&n^^ of tfce 

10 pres^at in^mtiOTi composes a semiconductor cMp inciudiiig a mteoQuidsCv channel 
throng wliicfe a Mmd flows, and valve for mfiating a gas plialHs btibMe in thf 

fluid at a locatioti along tlie chamse!, wberem Sie liable jb iield sl^tioBary at the 
location It was mfiated to restrict flow tlirougli the cbariiieL To open tlie bubble 
valve, the biibble need BDt ooii^^ felly since the only reqiilrement to restore flow 

! 5 through tJie cb^mel is tliat the hydmilie resistance of the fhM between the bubble 
and the chaBiiei wall be less than that of the open eilmnisk Expeiiinaiit^y this has 
beeii found to oeciir at biibble dkmetm only slightly siisaller fiian tiie diami^i cioss-^ 
seetion, a deflation jsnxKsess requiring onJy miiliseoojids* The small ch^ei 
dimemion$ cbamcteristic of a ffi^ cMp iare therefore woll smtei and enhance 

20 deflation rates because the surface to volume ratio of the bubble ihcr^es with " 
reduced dkriensionSj and for a giv^eii interfaciart^^ the internal btibbie pressure 
inoreases with decreasing chaimei dimmsions. 

A valve means siiitable for pmctlciog the preseiit in'^ention comprises a 
pair of electrodes positioned on opposite ddes of the diannel at a chosen location 

25 alot^g the channeL The elecn^dcs eoromumoate with the channel to contact fioid 
flowing tteugh the channel, such that when the electrodes are connected to a voltage 
sot^rce and a voltage is ^pHed across the Hmd, a bubble is genssa^ 
electrochemicMly betweeii th^ electrodes. When the apg>hed %^ltage is removedi, the 
bubble qtsiekiy deflates to open the valve and restore flow. Thetinal biibble 

30 generation is an alternative to elect^och^eelical bubble generation. 
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The present iav0ntloa also eiicompasses a tr^ethod of ragulatmg flow of a 
fluid throBgh a micj-ofloidic dbMme! comprismg the steps of inflating a gas phase 
bubble ill the fluid ^at a locatioii along tiie chaimel and maintaming the bubble at &e 
iocation. In a worksiig embodiment, the bubble is inflated dectmehemioaily by 
5 applying a Ysltage ajsross tb« fkM^ and l3ie bubble is maiiitamed at tfa© location of 
MatioB by m iimear wall of tlie cb^raiei The immM^^ &rth^ enpoispasses a 
method of temp^tmily §topp&ig flow of a fiuid tbroii^ a microSmdic charmei 
comprismg tlie of applying a voltage across ^uid to el^eNitjFoeh^ inflate 
a gas phase biibble in fee Muid, it^mtaining the bub!?Ie at a fixed locatiaii alOBg tlie 
10 channel;; and fee vol^ge affaer a pmod of time to aHow l^e bubble to 

deflate- 

Am will be appreciated, the present mveation provides a miisroSuidie 
system valve suitable for ^lab-oii-a^efelp'' appliealiDos tbat has no moviiig parts, 
operates at Mgb speed and coiitDllability witb low power consumption^ Md conforms 
is to sany iBicrofluidic cliaiiiiel cross-sectiOBal shape. Moreover, in aceordaBQe witb a 
present electrochemical einbodimentj, the jNrietioa^ ^^ve is limited only by 

the eSfeetive life of tbe eleactiodes. 

BfOEF DESqRIPTiCM 0¥ THE imiMgOS 

the mtm& md tnode of operation of the preset i^veation will now be 
jmore &iiy descnbed tbe follbwiiig detailed desmptiott of tli^ ioveiitioB M:en with 
the ac^ompaEying drawing figures, in wMqIi: 

Fig. 1 is a sohernatic diagram of a imcmfluidic system embodying tbe 
present itivendoti; 

Fig. 2 is a scarmijnig electroB iBierograpfe of a portion of a rmeroSuidic 
chasmei foniied in accordance with an embodiment of the preseiit invention; 

Figs. 3A-3F are optical iBierographs showing inflation and deflation of a 
gas phase bubble in fluid flowing through a isiicrofiiiidic eh aceord^De with 

an embodsmeiit of the present inventioti; 
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Figs. 4A-4F are fiBoresceot microscopy images carresponding to tlie 
optica! microgr^lis of Figs 3A-3F aiid showing flse interactloB between fee bubfaie 
and flyid flow using poiysQ^e flxiorescm^^ 

Fig. 5 A is a graph showng voltage versus time for m applied voltage 
5 putee associated mdi l>iii>bie^^ k^ and deflation shown in Fip. 3A-3F and Fig^. 
4A-4F; 

Fig; 5B is a gSCBph sbdwmg ctinaxt vorsm time for tmmmM cisrre^t 
tbioiij^ §l€ietroda^ «s?<J apgljing fh? voltage pulse siiowp in Fig. 5A; 

Fig. 6Ais a graipli plotting flow rate versns time for fow dWemnt staTting 
10 Sow i^as as a btibble valve closes Mow tfemugb a miemllmdie ctemel, wiiei^in tlie 
bubble is gm^ated by a voltage puise having a magm of 3.8 Volts; 

Fig. 6B is a graph si:miiar to that of Fig. 6 A, hawevex the biibbie is 
gesiarated by a voltage pulse bavmg a magmliide of 4,2 Volts; 

Fig. 6C is a graph similjar to tliose of Figs, &A and 6B, bowever the bobble 
15 is generated fey a voltage ptils^^ 

Fig. 6D is a gi:apb plotting flow rate vei^ijs time fbt two different starting 
flow rates as a bubble valve closes; flow and then collapses to open flow through a 
microfltiidic channel; 

Fig. 7A is a scbem&tic dkgr^ of a misrofliiidic channel and 
20 eitastrociiemieal reactions occurring at an mode and a cathc>de its accordance with a 
niicrd:8indic system of the pr«^ent invention; 

Fig, 7B is a flnGrescent microscopy image sh^ spatial extent of 

solution chemistry variatioB delineated by a pH smsitive fluoi^scant dye in a 
anicrofluidie ehaimel fon-ned in aeconianee with an etBbodiment of the present 
25 invention, wherein no voltage is applied; 

Fig. 7G is an im^& similar to fliat pf Fig 73, however a vojta^ is 

applied; 

Fig. 7i> is mi image simile to tiat of F!g. 7C, however the linage Is taken 
with HEFES bnfFering added to the spltition to sixppi^s any pH ^dients; 



Fig, 8 A is opticar mlcrogr^h of an eigitt-way moltiplexer b on 
electrochemical feubble valves in acoardance witfe an eiBboilimmt of the present 

Wig. 8B is a luoreseent micragm^ showing fluid being directed to ouQsut 
5 diaisosl #6 of tiie isiiiltiple^c^ shown ib Fig. 8A.; aiKi 

Wig. SC IS a fiuore?sc^t^^i^ shovmig fluid l>dj5g directed to oiitpiit 

Rrfemiig mitiai!y to Fi^^ I of tjb:e drawrngSj, a microfl^ 

10 in aceordaace with an eiiibodimeat of tlie pj^^nt itivmtiois is depicted scbematically 
for sake of undaistandiiig. Tfae mitaxjfliiidic syst^ intliides a body iO bavitig a 
picEofimdic pbaanel i2 tbrougb wMcb a Qmd flows from leit to right in Fig. 1 m 
indicated by the arrom. Ao mode 1 4 A and a cathode 1 4B are posit joBed on opposite 
sides of cliamiei 12 and are ooimeeted to a voltage source 22 thimigfa oonductive lines 

15 15A and 16B iiitegral witii body 10 and extemal lines 20A and 20B, respeetively. 
ChaiHiei 12 is preferabiy cbaj^terized by a jfeedsr portion 17 and a neck portion 18 
adjacent to and downstream from, feedisr pc^^ 17, wherdrt ::^eqk portion IS Im a 
reduced cmss-sectionsi area Telative to feeder portion 17, Elements jfor delit^eriog 
fluid to chamiei 12 and deceiving Mid from cbmne^^ 12 are also sbown, aisd ^sierally 

26 include an inlet reservoir 2 and a pump 3 connected along an inlet tube 4^ and an 
outlet tube 5 leading to m outlet reseryQir 6, fii ^cpidmee with tbe present 
invention, and as will be described hereinbelow in connection wifli Working 
embodiments, electrodes 14A afitd 14E permit a voltage^ be applied across a fluid 
flowing tbrou^ ebanoei 12 to electrDcfiemicaily inflate a bubble 24 tfiat is prevented 

25 ffein being earned downstream from its ioeation of inSMion by m iimer wail of tbe 
cbamiei. 
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The iBieroflyidlc chips used to test the mechaBical and chemical 
cMracteristics of bobble-valves consisted of a fluid cliaimel comsectiiig an inlet and 
mx outlet reservoir^ and aiiod^cathode declrode jpairs perpaHdicular to the chamel to 
5 gene^te biibble valves at differeat locatioias. Figure 2 shows ^ seaiisHig electron 
mioxograpil (SEM) of a pDilion of the cfe^ (the ialet aiid otitlet res^olrs ar^ not 
show^) ^owiiig two sets of eie^rod^ paiis aloisg length of tlie ohaiKgei. The 
micmfluiclic systCTi was micromaohiiied qsi a siJicon v/a#r mm^ standard 
mkrofabtiGatioB tes:jmiqties. The chamiel was 25 fim square ib crdss-s^tion tod 5,2 

10 mm long. Near one pair of eiectfodes^ a 15 pm wide iseck was lntrodiicad to create a 
backpressure, altlioiigfi from experiments it was giibsequenily foimd that surface 
forces alone w^re acteqiiate md the neek wm not ■o^ed^d to prevent the biibbie &om 
flowmg downstream, i^llowijig photolithogi^^ to 25 

pm m depth using de^ inactive ion dteihi^ PiatiiimB (Pt) electo)des wroe fiien 

IS d^psited by e^^eam depositim fi:^lowed by lift-bfE The |>t electitM^ were 300 Bm 
thick and 25 |im wide. Finely, a p0ly(dimeihy}siloxSB# CK^S) film (usiisg 
Syig3rd^i84 Goridng) wa^ iised covered seal the epied chanBeJ. Silicsoiie tid^ 
with 0.3 mm inner idi^eter was placed within the ?PMS film during the eiiring 
process, and tins tubmg was ^sequer^Iy aligned on top of the inkt and oiitlet 

20 resgfrvotrs. 

A syriBge pump cdmiected to a pressure reservoir per&sed the chamiei 
with eisctroiyte. The flow rate was adjusted by ehanging the ialel pressure while the 
ontlet was kept at aOBOspheric pressiire. Whs^as the eK^perimeiilBi results in the 
followiHg pertain to 1,0 M HaCl m distill^sd water 6.% various^^ 

25 and useful laiK)ratoiy reagents were aisso success&lly tested. These included HaCi 
(0.1 M-tOM), weak aoids (1.0 M aoetie acM: and oxalic acid), stxxmg aeids (O.l^^M^ 
1.0 M hydrochloiic add aisd sidfteic ac and bases (10"^ M to 1.0 M ISIaOil), as 
well as noB-aqueous/water inixtor^ such as ethanol/water, acetoniMleywater in 
varyihg proportions (nsitig analytical grade reagents). In particular, electrolysis of 

30 aqueom NaGi reiea^sfi2 gas at the cathode i2H^0^2e'' tf^ig) -^ 20B^, E""^ ^ 



0,83 V)^ ai^d Ch at tlie anode (20"^ — §^ O^C^)^!^", Mandaid^ 

= 4^136 ¥), with c overall ceil E^^ -2A9 V. Note that wat^ is alv^^ 
in preference to Na^ ipns at the csttliodd siBce wateir' accepts electrons mom jreadily 
(E^ fot Ma* + -4 Na bemg -2-71 V). A secondary reactsosx cm occi^ as a sinail 

5 amomit of Ch gas reacts with water to fqoxi HOCl piypocMorous acid) and HGI: 
CLig^-i-Ii^O <^ H'^ -hOCi^^ ^ H* However, note that Ms secondary 

reactioii is not an electrochemical reaction and does not rely on charge transfer 
occisrring at tJie electrodes. Moreover, the eSect of this reaction is ^^ected to be 
iiegli^blc bec;^B§; it is very $lpw and bubfel?$ of us^M si?;es em fe^ easily fopsed 

10 eyen in very dilute solutions and in a wide range of sointion chemistries, Jn the 
present example, the voltage required to generate bubMe^ was 33 V ii^ead of 2.19 
V, The need for a slightly higher voltage (i^efeirexi to m over-voltage in 
eiectrochemist^) is well knowii mid is coximionly observ'^sd due to non^-eqiiilibriuin 
kmetics of ela[^fo>n transfer, especially when a gas phase is piiesent- Hydrostatic 

I S pressures ahove one atmosphere also favor the dissolution of gas into water, thereby 
ixiGieasing the over-voltage for the formation of Ch gas. Bubbie- valves were 
characterized voltages feom 33 V to EJ) V. An arfeitrary waveform fimction 
getierator was used to apply a square voltage pulse across the flmd between the anode 
and cathode. The bubble valve's characteristics were siniiiitaneoiisly observed wife 

20 an optical microsoope and video^r^ for latc^ image ^alysis. An exaininaticm 
of video recordings of feousands of triggered bubbles at the Pt electrodes (is>n a given 
chip) showed no discernible degradation or damage to the electrodes (imtially, 
microflnidic chips were made usihg gpld^ whiih was foipd to dissolve away rapidly 
dnting bubble geReration), Fluorescent microspheres 0.02 fmi diameter (polystyrene 

ZS flisorescent microspheres, Mie F-:S784) fepm f^ecn^ Probes Seattle) were 
used to visualise the interaetion of iltiid flow with the bubble valves and also to 
measure the flow velocities. 

Figs, 3A-3F comprise a series of optical micrographs showing bubble 
inflation and deflation. The dark edges near the channei wall are an optical aitiiact, 

30 Figs. 4A-4F are fmorescent microscopy linages corresponding to the optical 
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micmgmphs of Figs. 3A-3F sliowiug valve elosiBg and opening^, wherein the 
iBterHCtion bem^eeo the babbie and tbe How was visualised using polystyrene 
SiioresccHt microspheres as tracers of flow (0,02 jim dimeter, Nile Red F-87S4, 
Mol<st:ui^ Probes, Seattle). Figs. 5A md SB show fiie profile of the ^plied voltage 
5 piiise md of the measured ciairmt ftrotigk the dectnsdes, respectively. 

Mgs. 3A-3F ^ow ^ seqiqeuce of bright field optical jtnag^ of bubble 
grbwfh aed deSatioiij v^ereas Hgs* 4A-4F show the coir Smd flow images 

as vismiized by jaiiore®eeiit^^0^^^ wberdn the streak leng^ of fluorescerit 

microspheres is an iiidieatdr of flmd vddcity. Figs. 3 A and 4 A show flmd flow in the 

10 chaoBel prior to tri ggering of an electrochemieal bobble (measiired open flow rate 1 6 
mm/s. Met pressiirs 1 03 kPa). Upon triggering a voltage m electrolytic biibble is 
niicleatM, as shoi^^^ in Fig. 3B. importantly, the cam2Spoi^dmg fluorescent image in 
Fig. 4B shows no measurable redaction flow rate (as seen from unchaiiged streak 
leiigth with respect to Fig. 4A) even fcough the bubble is nioreth^ half the oba^ 

l5 width; the flow trajeototiejs of beads can be; seen curving over th$ babbie m Fig. 4B. 
Figs* 3C and 4C show that only when the bubbie grows to a sufficiently Iss:ge size 
does the Sow rate faegjii to show a isiadied decrease^ ^ seen from shorter fi^orescenf 
sfa-eaks in Fig. 4C. FinaKyj when the bubble grows to completeiy biook the chatmel-, 
as smm. m Fig. 3t), the bubble fuly stops the flow mid the beads becorae static^ 

20 subject only to Btowman m Consequently, in Fig. 4D, fee fluorescent beads are 
visible as spots with cirotiiat hajios. Kate thai the fliiorescmt microspheres are only 
0,02 ixm ill diameter and they caimot be resol ved in &e optical iriiciographs ib Figs. 
3A-3F. Instead, it is the halo associated with them that manifests as bright streaks 
when the flooresceitt beads are in motioa, as in Figs. 4A-4G anci Figs. 4E-4F- When 

25 the flow is stopped on dosing the valve (Fig. the microspheres appear as hn0xt 
sphericai haios. Tim obserx'ed vatiatton in tbte gi2:e of spherical haios in Fig. 4D ijs 
mainiy due to the limited depth of fociis of aai optical microscope* Fig. 3E shows the 
babbie as it begins to deflate, Significantiys, the correspondihg image in Fig. 4E 
shows that fill! flow is already restored at this^age. Thus the valve opening does Bot 

30 recfitire Mi biibhle collapse (as in Figs, 3F and 4F). Instead, the restoration of full 
Sow require oniy a slight collapse of the bubbie, which oocim m a short period of 



time of tbe order of milHseeoiids C<?^^MtativeIy characterised in the followmg). It is 
also clear from Fig. 4D that the shut vdw does oot leak despite tiie feet that the 
cliajHiel has a s^^uare cross-sectioB. It is this ability of the bul>b1e to confoun to 
Mbitrary p^omelri€s (m fee present ease sqiiaje cixi^-^ectson) that makes biifeble- 
5 valy^ rofeust Fig, SB sliows tfee cuqrept resiKiiise tp Si scji^re waiye voltage piiise (46 
V, 50 ms; see Fig. 5A) applioi to iie pmr of electrodes* Between the two eiarrent 
^ikas M Fig, 5B^ &e curing decays wi& time, aad M$ decay assocfeteii with the 
nucleatiqn and gjpwth of biibbleES at fee eilectr^des in t^e mierDcliajmeL It is observed 
that tbe eisergy reqtiired to geiiemte the biibbie is very &ma3l, <m fbe order iyf i^lQ 0. 

10 Fig?5. 6A-6C grapMcally illustrate fee valve elosmg eliaracteristic^ for three 

diflerent voltages, vm., 3.8 V, 4-2 V, mA 4.6 % resp^tivdy. For eaeh driving 
voltage, the valve dosiBg was flow rales/ viz., 5 .6 mm/s 

(inlet pressure 102 kPa), 16.4 mm/s (inlet pressm^e 103 fcPa), 23,8 mm/s (iiiiet 
pressure 104 kPa), and 26.6 mm/s (iaiet pressure 105 kPa)* The How rates are given 

15 in iHiits of velocity iastead of ilux so as to enable comparison witb litemliire citipg 
cbaimeis with diSerent cross-sectiojial ^eas. Fig, 6A shows that the 3,8 V applied 
voltage is capable of sliuttiBg aii Sow with moderate agplioi |?r esstsres up to 104 3cPa. 
Shiitting off the flow at higher pressure simply re^ slightly higher voltage^ m 

shown in Figs. 6B and 6C, In other wordS:, the Sow cais be regulated simply by tuning 

20 the yoitage to suit a giveii flow rate and chamiel cross-sec^^^ Although low cMnera 
iigfet intensity at shuttpr ^eeds to reoosd fast moying fluorescent beads 

prevented data recording at higher flow r^tes, flow r egttiation was sIxceessfuOy tested 
hy visual observation i3p to inlet pressures as Mgh as 110 kPa. Also note that fee 
ability of a babble valve to withstand high pressures is related to the design of the 

25 flmd chaimal aiid the surface conditioiis. For example^ mperimentaj and theoretical 
calQiilatioiis show that by making the ehaaoel width at the eeck re^on smaller, the 
bubble oaa be made to withstand even higher inlet pmssures. Also note ftom Mgs, 
that fee valve elosing rate (slope of the cirves} beeoxnes steeper with hsgher 
applied yoltage> The vsalve opening rrapome is shown in Fig, 6D for two different 

30 flow rates. In Big* 615 the coit^ots?^^^ sere also shown on the 

left portion of fee graph to enable a: comparison between valve closing and oproing 
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rates. Aiso note that fee tiote for whidi fee valve is desired to stay fiiily closed in Fig, 
6D (fee between valve closing and opening)^ can simply be changed by keeping the 
applied voltage to my desired lengtli of tiBie. As sc^cb irom Eig. 6D, bofe opamxig 
and Gldsiijtg fee competed withm s&30 ms. WMIe ttie y0^p clositig i^te increases 
5 witfe Mghex %^oi^ge as iB^^ by Figs. the valve opemng rates d^^siid upon 

the rate of blitsfete colfe|>^. As ^pwm above, fell oMl^^se of tlie bubbly is not 
TQqnm4 ^0 op^ the valve, since the valye opems wbea by&aaHc resistasiee of the 
r^gioB contaiBing tiie babbie becames comp^ to fliat of cbaimel <as s^o m Figs. 
3E and The rate of collapse depemis upop the rate of gas di^ototion itsio 

10 liquid, wbxch in tirai d^ends iipon the surface to volmxie ratio of tfee bubMe tie 
surface tension of the mterface. For spherieal bobbles of radius r at a fixed 
hydiostatiG press\xre^ flie rate of Dollapse is proportional to 3RT^/4r whe^re 5^1$ Ifee^ 
permeability of tbe gas-iiqmd interface and RT is tbe gas eonstaot times the 
ieiti]?eratare, IMs, smaller bubbli^ tetid to collapse faster tbsin iarge OBes so that 

15 microfteidio cb^amels are better suited as tbeir dimensions are further r^iieed^ As a 
closed valve beigins to open, tbe liquid flow also washes away the dis§^^ (not 
the bisbble) at abii^er rate and favors fuTlhe^ 

Because Ie$s tian a picomole of salt is needed to generate a biibbie of 
tisefui size, pH gradients that ar^ invariably associated electit^Gbemical reaction^^ 

20 can readily be sii|>pressed by mild bufferiBg. The eiectmlysis e^ct on soktioii pH 
with and without buffer was studied by using a pH sensitive fluorescent dw. Fig. 7 A 
schematically shows the half-oeii reactions at the anode tod the cathode; the 
secondary reaction at the anode is showri in smaller case. Fig. 7B shows a fhioresc^ 
image in a non^ufifered soliition ilowing in the channel. In accordance with the 

25 aboveKiescribed electroch^istry^ lipon ^pi^lying St voltage^ the fluorescence aroimd 
fee cathode become blight^ (representing an incite in pH) and that near tie anode 
becomes darker (d^rease in pH), as seen in Fig, 7e. To iliustmte that a buffer cs^ 
indeed eaisiiy and readily suppress pH gracfients generated during electrochemicai 
process, 50 niM of KEFES bugb^ (N-2'^iydroxye^^^^^ 

30 acid, GgHi 7N2Na04S) was added to the 1 M NaCl sol^iion, and the electroehemistry 

was r^eatcd under the same coiidjtion, HEPES is a common bufifer that is used in a 
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wide rar^ge of biological applieations^ iiicludmg those mvolving etectrocliemioal 
processes. As showB m Fig. 7D, the bulfer readily renders m\y pH' gradients negligible 
that iire g^emted diiritig etectrolysis, Tte dark ;atreas in Fig. 7I> in the vicinity of the 

5 FiBaily^ m eight-way prototype multiplexer was hmlt to fimtber study the 

feasiMKty of maMiigmore coiBpIex miemfluidic 

iixvmtioh* An optica} mietograph of tlje niiiitiploxer is sfeo^^ in Fig. 8A* The 
mTii%Ie3cer reqiiired t^^^ saniie step^ as those needed to make Qie above described 
syst0Ens, llie distribatioii chamiesis in Fig. SA hav^ a 25 pum square cfosa-section. 
10 liie multiptexer chip in Fig. 8 A aDnsisted of one miet chaBsiel and 2** (n^S j outlet 

channels sisch that the flmd cm he distribiMed to any of the 2^ (-8) channels by 
elosmg just n (==3) valves. Figs. SB and 8C show the fhioiescent optical inicrographs 
of the flow being switched altemalely between output chaimel #5 and oi^ipiit channel 
#6, respectively. Ib Fig. 8B, the fhioresGent light streaks in the channei show the flow 
15 bemg directed to channel #6 by keqping the valyes Vi , and Vi i closed, whereas in 
Figiire 4G the Sow is shown directed to channel #5 by keeping the valves Vi^ V^ and 
V|2 closed. 
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Wl^at is claimed is: 

1 . A microfimdic system OTmprismg: 

a foq^y melting a Hiicroflmdio di^imei tbj^u wMch a fimd flows; 

md 

S valve m^s for infiatiBg a pfease bufeble m said fimd at a loearioa 

aioisg sdd chaim^l; 

Wherein mid bubble is stationary at location to xestdGt Sow 
tbrou]^ smd chmn&h 

% Thp xmcToBmMc sy^&m accoiding to Claim 1^ wfeemii saM channel defines a 
IQ sitigle flow path at smd location, 

3v The micmfiiiidic system accordiisg to Glaim 1, whemm isaid yalve itseans 
isciiides an anode and a catfeode arraiiged to apply a voltage across said fluid 
when said anode and cathode are connected to a voltage soiirce^ whereby said 
bubble is inflated #ectrocfeemically. 

15 4, The microfluidic system accordmg to Claim 3, whes^ein said anode aad said 
ca&ode am each in contact with said fluid. 

5. Tise microfiuidic system accordmg to Claim 3, wh^ein said anode Bm& 
cathode are respectively atranged on opposite sides of said ch^panei 

6> The microfluidic system according to 5, wteeio said cliaisnel mciudes a 
20 feeder portion and a neck portion adjaoent to and dois^tream Som said 

poitjon, said neck portion having a reduced cross-sectional ares relative to said 
fealer portion, and said anode and said <Satliode ar© located along said ft^der 
portion proxiniate to said i^eak portion. 



7. 

25 



The microfliiidic system accp?disg to Ciaim 1, wherein sasd body includes a 
semicoHductor chip. 



8, The microfluidio system aocorffing to Claim 7^ wherem said valve means 
includes a voltage source, an anode d^osited on said semicondoctor chip and 
eoimected to said voltage soiirce^ aiid a cathode deposited on said sanBconductor 
chip md mmmct^ to said voltage soisrce, said siiode and said cathode being 

5 siiaaged to ^ply a voitage across said fluid, 

9. A HiicKrfkiidic system 

a setaicondiietor cMp itic!^^^ amims^Sitiidic cliaii^ tbrough wMcfe a 
fiiiid fiowSj said chatinel includiiig; a feeder portion md a iiesdc poiti cp adjiMj^ent 
to ^Bid doismstream ik>m said feeder portion* md neck portion hai^rag a r^fduced 
10 cr6ss*$ectioisai are^ relative to said feeder poition; and 

as aaode md a eathode deposited on $aid seinicondiiotbr chip m 
opposite sides of said chaimel at a iocatioa along said feeder portioB proximate 
s ai d Beck portion. 



10. The micmflmdic sj^^tem accordmg to Claim 9^ wherein said anode and said 
15 cathode coimiimicate with said Ghaiinel so as to si^osit^^t flowing throii^ 

said cliatiaei 



11- A method of reguiating flow of a fluid thmii^ a microfluidic cManel, said 

iufiatmg a gas phase bubble in smd flmd at a iocstion along said 
20 thamiel; aiid 

maintaiiiiijg Bsid bnjbble at said location along said chasineL 



12. The method accordiBg to Claim 1 1, wherein said bubble i? maintained at said 
location by m imer wail of said charmei. 

13. The method according to Claitn 12^ wfaemB said bubble is iiiflated 
25 eleetroebeitiically by applying a voltage acro^ said fhxid 



WO(B/046256 



14. The method according to ClaiiB 13^ wherein said appiied voltage is chosen 
based at least ib part on asi iBiet pressure of said fluid, 

15. A method of temporarily stopping flow of a Uuid tbrough a micmfliiidie 
ohaimels said method eompiismg lhe steps of: 

5 applying a voltage across said flmd to eieetrocheBiieaily inflate a ga^ 

phase bubble m s^d Umi^; 

smiJitMn^ a fix^ locatiop alo^g said cbaanet; ^4 

removitig said voltage after a |>eriocf of to allow md bubble to 

defiste. 
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